Over the years surface water quality of Pakistani rivers has been degraded. The current study aims to investigate the water quality and fish diversity at Rasul Barrage in the Jhelum River. A total of six sampling sites were assessed for pollution levels and fish fauna of the Barrage. Physicochemical parameters such as turbidity, biological oxygen demand (BOD), and chemical oxygen demand (COD) were deviating from the permissible limits of fresh water set by the U.S. Environmental Protection Agency (EPA), but meeting the criteria of NEQS, whereas pH, temperature, electrical conductivity (EC), total dissolved solids (TDS), total suspended solids (TSS), sodium, and chloride were below the permissible limits of NEQS, but the TSS level was above EPA standards. However, the concentrations of metals such as iron (2.62-3.98 mg L ) were higher than the permissible limits for drinking and irrigation waters. In addition, a total of 35 fish species belonging to eight families were identified. Survey and result of study showed that concentrations of pollutants and non-stop fishing activities of commercial fish are the main reasons for the reduction of fish fauna. Two exotic fish species, Oreochromismossambicus and Ctenopharyngodon idella, were found to be abundant where population of native fish fauna numbers were being reduced. We concluded that the surface water quality is poor, as is evident from the higher concentrations of BOD, COD, and metals. Urgent measures are required to prevent such contamination and regular monitoring of water quality in the study area.
Introduction
The toxic metal contamination of freshwater ecosystems is a serious worldwide environmental problem [1] [2] [3] . Degrading water quality, particularly in developing countries, poses deleterious effects on aquatic life and threats to human health [4] [5] . Large amounts of contaminants comprising toxic metals, pathogens, persistent organic pollutants, and pharmaceutical drugs are being discharged at high volumes into urban river systems [6] . It has been suggested that rapid urbanization, industrialization, and agricultural activities are major contributors to river pollution. Metals in aquatic ecosystem become integrated into the food web, causing harmful effects to aquatic life and humans [2, [7] [8] . Significant amounts of heavy metals can lead to harmful diseases such as cancer, mental disorders, and kidney and cardiovascular syndromes [9] [10] [11] [12] . Previous studies have revealed that rivers and streams, particularly in developing countries, are being severely contaminated due to the disposal of untreated industrial effluents and municipal wastewater, as well as uncontrolled agricultural runoff in water bodies [13] [14] [15] [16] .
Pakistan is a developing country facing surface water pollution [17] [18] [19] that may cause serious threats to aquatic life. Aquatic organisms quickly respond to minor changes in the environment that reflect the health status of a water ecosystem [20] . Fish are an important and sensitive member of the aquatic food web. Most of their species are confined to live in microhabitats; however, when these habitats get contaminated, a variety of fish species either moves to less polluted areas or dies. Moreover, the presence of heavy metals may pose lethal or chronic effects on fish fauna [21] [22] [23] . Toxic effects are increased when different metabolic activities fail to detoxify the metals in the body of an organism.
Study Area
The Rasul Barrage Reservoir (Fig. 1 ) provides a good habitat for fish [24] . It is located on Jhelum River, one of the largest tributaries of the Indus River that irrigates the plains of Punjab. It receives water from different glaciers located in northern Kashmir; however, due to the long distance between Kashmir and Rasul Berrage, a lot of contaminants are mixed, altering water quality [25] . Resultantly, the contamination of water in addition to illegal fishing create disturbances to natural fish assemblages. There have been very few studies conducted to assess water quality and the ichthyofauna of Rasul Barrage [24, 26] .
Keeping in mind the above-mentioned problems, the following study was conducted to determine the quality of water and distribution of fish density in the reservoir. The results of the present study give an overview of water quality and fish fauna in Pakistani rivers. Our main attempt is to provide an understanding of the dynamics of fish assemblages influenced by anthropogenic activities with a purpose of achieving sustainable fish resources.
Materials and Methods
A total of 18 samples were taken from six sampling sites, consisting of two locations from the old headworks (right and left banks), two from downstream (right and left banks), and the remaining two from the upstream pond area (right and left banks).
Water Sampling
Water samples were collected on 10 April 2013 as per the standard method of sampling and examination of water given by the American Public Health Association [27] . Sterilized plastic bottles of 500 mL volume were used for water sampling. The samples were subsequently transferred to the laboratory at the College of Earth and Environmental Sciences and preserved in a refrigerator at 4ºC.
Physicochemical Parameters Analysis
Water samples were analyzed for physicochemical parameters such as temperature, total dissolve solid (TDS), total suspended solid (TSS), turbidity, pH, hardness, chlorides (Cl), dissolve oxygen (DO), electrical conductivity (EC), biological oxygen demand (BOD), chemical oxygen demand (COD), carbonates (CO 3 ), bicarbonates (HCO 3 ), potassium (K), sodium (Na), and the heavy metals chromium (Cr), iron (Fe), copper (Cu), and nickel (Ni). pH, temperature, conductivity and DO were measured in situ; other factors were analyzed in laboratory.
Heavy Metals Analysis
For the analysis of heavy metals, a 20 mL volume of each water sample was treated with a mixture of H 2 O 2 and HNO 3 acids in 2:5 ratios (2 mL H 2 O 2 and 5 mL HNO 3 ) in a closed Teflon vessel followed by digestion in a microwave digestion system [28] . Subsequently, the digested solutions were filtered (pore size = 0.45 m) and stored in 50 mL plastic bottles. The concentration of metals was determined using a graphite furnace atomic absorption spectrophotometer (Perkins Elmer-700) in the College of Earth and Environmental Sciences.
Fish Sampling
The fish were collected from six selected sampling sites (mentioned previously) using different methods, i.e., gill nets (1-4 inches) and cast nets [29] [30] . The fish catch data and habitat descriptions for each sampling site were also used to determine the pattern of distribution in fish assemblage. Each site was selected on the basis of different characteristics of aquatic habitat such as open water, riparian vegetation, and emergent macrophytes. A standard length of 50 m -covering the maximum number of representative habitats -was used to obtain a representative sample.
Fish specimens were collected, identified, and photographed on site, whereas the number of specimens of each species was also counted [31] . The specimens were identified by following regional keys [32] . The voucher specimens were kept for record and preserved in 10% formaldehyde. Fish abundance data recorded during the survey was further subjected to statistical analysis.
Statistical Analysis
The fish data was analyzed by different methods such as diversity indices, the Shannon and Simpson index, and cluster analysis (CA) techniques. Diversity indices provide information about species distribution and abundance status of species in a community. These diversity indices are important tools for biologists to understand fish assemblage. Various diversity indices are in use by many ecologists. The Shannon index (H´) and Simpson index (D) techniques were used to calculate fish species diversity using PCOrd 4 [33] , whereas cluster analysis (CA) was carried out using PAST (version 2.17) to determine the similarity among different water bodies on the basis of the distribution of fish fauna. Furthermore, correlation statistics were used to determine the relationships among heavy metals and fish abundance.
Results

Physicochemical Parameters
The results of physicochemical parameters, including pH, temperature, EC, turbidity, hardness, DO, BOD, COD, TDS, and TSS of water samples are summarized in Table 1 . The pH, EC, and temperature ranged between 7.0 to 7.4, 20.2 to 26.1°C, and 250 to 349 µS cm -1 , respectively. The parameters were in permissible limits, hence water quality can be considered safe for domestic and agricultural purposes. Nevertheless, the level of pH in the present study (~7.25) was higher than the previous study conducted on the Jhelum (~7.18) in the same season [25] . However, it is suggested that the pH level cannot be selected as accepted criteria for irrigation water quality as the soil has the ability to buffer it due to [34] . Besides, it has been suggested that the conductivity is directly related to total dissolved solids [35] . . Total dissolved solids are considered a major factor for the taste of water and for growth of plants [36] [37] ; therefore, the water of Rasul Barrage is suitable for irrigation. The level of TDS depends on several factors such as the geological character of the watershed, rainfall, and the amount of surface runoff.
The turbidity level ranged between 56 NTU to 85 NTU, which is higher than the standard permissible limits set by the U.S. EPA, the Pakistani EPA, and the World Health Organization. The highest value (85 NTU) was recorded at the old headwork right bank, whereas the lowest (56 NTU) was observed at the pond area left bank. The high turbidity level at the old headworks might be attributed to soil erosion, surface runoff, and the contribution of suspended solids from domestic wastes [38] . Suspended solids are fine particles of organic and inorganic nature and considered pollutants. Total suspended solids in river water samples ranged from 65 mg to 268 mg L -1 , with the highest value at the old headworks left bank and the lowest at the pond area left bank. The values of TSS were within acceptable limits set by the National Environmental Quality Standards (NEQS) but exceeded U.S. EPA limits. Enhanced TSS levels can lead to changes in physical, chemical, and biological properties of waterbodies. Furthermore, it can cause water quality deterioration that leads to severe ecological degradation and a decline in fisheries resources [39] . In-situ decomposition of SS can reduce the DO level, creating a serious oxygen shortage that may lead to fish kills during low-flow conditions [40] . Furthermore, higher levels of suspended solids may cause adverse effects on agriculture by the formation of soil crust, inhibiting seed emergence, reducing soil aeration, and reducing the rate of photosynthesis [39, 41] .
The levels of DO, COD, and BOD were within acceptable limits set by NEQS. The DO was found to be in the range 6.0 to 9.3 mg L -1 with the lowest level (6.0 mg L -1 ) at the old head work left bank, while the highest was at the pond area left bank. On the basis of DO, water samples of Rasul Barrage were categorized as non-polluted (DO≧6.5). It is suggested that the lower DO level at the old head work left bank might be due to higher levels of TSS and low flow conditions [42] . It is considered that the behaviors of BOD and COD are opposite that of DO. The levels of BOD and COD ranged between 31.8 to 54.8 and 61.3 to 104 mg L -1 , respectively. BOD values were lesser than the COD values due to the presence of biologically resistant organic matter. The highest values of these two parameters were recorded at the old head work left bank, whereas the lowest were at the pond area left bank, but remained within permissible limits set by NEQS but polluted according to the U.S. EPA.
Cations and Anions
The results of cations Ca, Mg, Na, and K were found to be in the range of 40 to 55 mg L (Table 2 ). There are no suggested standards of Ca and Mg for drinking and irrigation water. Moreover, the total concentrations of Ca and Mg are referred to as hardness and it was observed that the total hardness was within standard limits of the Pakistani EPA (500 mg L -1 ). However, the average concentration of Na (32mg L , respectively. Concentrations of all these anions were found to be under permissible limits set by the U.S. EPA, the Pakistani EPA, WHO, and NEQS for drinking water, as well as FAO guidelines for irrigation water.
Heavy Metals
Results illustrated that the concentration of heavy metals Cr, Cu, Ni, and Fe were found to be higher than the permissible limits. Cr and Ni were recorded in the range 0.03 to 0.59 mg L -1 and 0.49 to 1.71 mg L -1 , respectively. The highest Cr concentration was recorded at the old head work left bank, whereas the lowest was at the pond area left bank. The average concentrations of Cr and Ni were found to be higher than the standard limits set by the U.S. EPA, the Pakistani EPA, and WHO, but Cr was less than the acceptable limit of NEQS for drinking water. Furthermore, according to FAO guidelines the levels of theses metals were not suitable for irrigation purposes. The higher concentration of Cr might be attributed to anthropogenic activities such as effluents from dyeing and tanning industries [43] [44] or naturally due to weathering of crustal materials [45] [46] . In contrast, Sarwar et al. [25] reported a lower concentration of Cr (0.44 mg L -1 ) in Jhelum River water. The difference between Cr concentrations of both studies can be due to the change in location and/or season. Therefore, higher contents of Cr in the water of Rasul Barrage render it least suitable for drinking and irrigation purposes. ) exceeded the U.S. EPA standard limits for drinking water, whereas, according to FAO guidelines, it was suitable for irrigation purposes but can be harmful to humans and livestock if directly consumed. It is suggested that the higher concentration of Fe might be due to weathering of crustal materials. Furthermore, it can be due to industrial effluents and 
Fish Fauna
The composition of the fish assemblage (families, genera, and species) sampled from Rasul Barrage is shown in Table 6 . A total of 35 fish species were collected belonging to eight families. The composition of the fauna predominantly belonged to the Cyprinidae family (68.3% of the total), while 31.7% was contributed by all other families. These results were in accordance with the previous study conducted on the Jhelum in Pakistan [26] and the Ken River in India [50] . Fish data was analyed for abundance status of fish species by species percentages. On the basis of abundance, species were categorised in four groups: more than 3% (abundant), 2.1-3% (common), 0.51-2% (less common), and less than 0.5% (rare). Out of 35 fish species, 14 were classified as abundant, four common, 15 less common, and two as rare species (Table  4) . Osteobrama cotio and Salmophasia bacaila showed the highest relative abundance of 12.63 and 11.21%, respectively. In a previous study these species were also found to be abundant [26] . Gibelion catla and Bagarius fbagarius were categorized as rare species with lowest relative abundance of 0.35%.
Geographically, the highest relative abundance (23.84%) was recorded from the left bank pond area, whereas the old head work left bank showed lowest relative abundance (11.56%). The relative abundance order of fish fauna at the reservoir was pond area > downstream > old head works.
A strong negative correlation was observed between fish fauna and heavy metals concentrations. The data was subjected to cluster analysis to understand the similarities between sampling sites (Fig. 2) . Cluster analysis grouped the sites in two major groups: A and B. These clusters were grouped on the basis of fish abundance. The first group was represented by two sites: S3 and S4 (pond area left and left banks). The second group was represented by S1 and S2 (old head works right and left banks) and S5 and S6 (downstream right and left banks). In general, the first group represented high fish richness and higher fish catch. It was observed that the pond area (S3 and S4) was more diverse than downstream and the old head works. This could be due to lower concentrations of metals in contrast to downstream and the old head works areas. It is well established that the higher concentration of metals may have lethal and sub-lethal effects on fish. To reduce contact to contaminants, aquatic organisms move from highly contaminated to less polluted areas.
Diversity indices were calculated using fish abundance data and results are represented in Table 5 . Maximum species richness (25) was recorded at pond area left bank, whereas the minimum (13) was at the old headwork right bank. Similarly, Shannon`s diversity index and Simpson's diversity indices were found to be highest at pond areas and minimum at old head works. The results of the present study revealed that the fish of Rasul Barrage are undergoing substantial changes due to anthropogenic activities, including construction of Mangla Dam on the Jhelum and unchecked disposal of waste [26] . It is considered that in the riverine system, natural flow regimes are an important factor for controlling fish assemblages [51] . Flow regimes are changed due to establishments of dams or barrages and greatly impact ecological activities in aquatic environments [52] . Furthermore, the absence of fish ladders in Rasul Barrage restricts fish movement to downstream and upstream, which can be one of the reasons for less fish. In addition, non-stop fishing might be a factor in reducing the ichthyofauna of the study area. 
Conclusions
It is concluded that such physicochemical parameters as pH, temperature, TDS, sodium, and chlorides were under permissible limits of NEQS, whereas, TSS, BOD, and COD were higher than the standards set by the U.S. EPA. Moreover, concentrations of metals such as Fe, Cr, and Ni were higher than the safe limits for drinking and irrigation water. Additionally, results revealed that species richness was higher in pond areas with less concentration of metals while areas with higher metal contents (i.e., old head works and downstream) showed lower species richness. Therefore, it can be established that the higher concentration of metals may have affected the fish drastically. During the survey we also observed that the Rasul Barrage was constructed without fish ladders that restrict the movement of fish to upstream and downstream. Resultantly, the absence of fish ladders and non-stop fishing may be another reason for the reduction of fish. Two exotic fish species, Oreochromismossambicus and Ctenopharyngodonidella, were captured in the present study. The population of this species has increased and may have exerted negative impacts on the population of native fish fauna. Therefore, it is concluded that fish fauna of Rasul Barrage faced multiple problems such as over harvesting, fishing in banned periods, and fishing by electric current. These apportionment results may be useful to the governmental bodies/local authorities for pollution control of surface waters.
